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Abstract 
The effects of substrate temperature on the resistivity and transmittance of ZAO thin films prepared by DC magnetron reactive 
sputtering have been investigated. The properties of the samples have been analyzed through Hall effect, X-ray diffraction and 
SEM. The results show that carrier concentration, Hall mobility and crystallinity of the films depend obviously on the deposition 
temperature. The film deposited at the range 200-250ć has lower resistivity and higher transmittance. 
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1.Introduction 
The transparent conductive oxide (TCO) thin films have been extensively used as transparent electrode for liquid 
crystal displays ( LCDS) , organic light emitting diodes(OLEDS) and solar cells. Recently ZAO (Al doped zinc 
oxide) thin film has attracted interests as a transparent conductive film material because of its low cost, stable 
performance, simple preparation. Therefore, ZAO thin film has been actively investigated as an alternative to ITO 
by the scientific and research workers. 
ZAO thin film was studied mainly on the organizational structure, optical and electrical properties as basic 
theories research [1,2]. To prepare high quality ZAO thin films for application, it is importance to research the 
preparation of ZAO film processing technology. ZAO thin film can be prepared by RF magnetron sputtering [3,4], 
chemical vapor deposition [5], pulsed laser [6], sol-gel method [7] etc. 
In this work, highly conductive and transparent ZAO thin films onto glass substrates were prepared by DC 
magnetron reactive sputtering  technique. Effects of substrate temperature on structural, optical and electrical 
properties of ZAO thin films were studied.  
2.Experimental 
ZAO thin film was prepared by DC planar target magnetron sputtering device. The target was a composite plate 
consisting of mixture of Zn and Al. Al content was 1.0wt%ǃ1.5wt%ǃ2wt%ǃ2.6wt% and 3wt%, respectively. In 
the reaction chamber, the base vacuum was 2x10-3Pa, the distance between target and substrate was 2-20cm. The 
glass was used as substrates which were mounted parallel to the target surface. During deposition, argon was used as 
sputtering gas which was kept at 7sccm and the oxygen was used as reactant gas which was varied at 5-10sccm. The 
substrates were cleaned in ultrasonic bath with acetone and dried in hot air before deposition. The substrates could 
be heated in the temperature range from 25°C to 350°C. The ratio of oxygen and argon must be well regulated 
before deposition. The structure of the sample was determined with X-ray diffraction instrument. The resistivity ² 
and  the Hall coefficient were measured by the van der Pauw method. The double-beam spectrophotometer was 
used to measure the optical properties of the films. The optical and electrical properties were characterized and 
analyzed by resistivity and transmissivity, respectively. 
3.Results and Discussion 
The prepared films on optimum conditions on glass substrates were physically stable and had very good 
adherence to the substrates. The X-ray diffractometer measurements and SEM images revealed that all of the 
obtained films were polycrystalline with the hexagonal structure and had a preferred orientation with the c axis 
perpendicular to the substrte. The X-ray diffraction patterns of ZAO thin films deposited at substrate temperature of 
50ć, 150ć, 250C,respectively, are shown in Fig 1.The only diffraction peak observed was the (002) peak and the 
diffraction angle is was 2©=34.02Ϩ, 34.24Ϩ, 34.41Ϩ, respectively. The values are very close to that of the standard 
ZnO crystal (34.45Ϩ). This implies that Al replaces zinc substitutionally in the hexagonal lattice. The intensities of 
the diffraction peaks became more intense with increasing substrate temperature. The grain size of ZAO thin films 
increase and the crystalline quality improves because high substrate temperature can provide sufficient energy in the 
crystallization process. 
Based on the XRD results, the average crystallite sizes were estimated by Scherrer formula as follows[8]: 
D=0.9¬/£cos©          (1) 
Where D is the grain size, ¬ is the X-ray wavelength, © is the Bragg angle, and £ is the full width at half 
maximum(FWHM) of ZAO (002) diffraction peak. The corresponding parameters of the (002) peak are listed in 
Table 1. 
Table 1 Parameters of the X-ray diffraction patterns of ZAO films 
Substrate temperature(ć) 2©(Ϩ) FWHM D(nm) 
50 34.02 0.399 20.82 
150 34.24 0.353 23.55 
250 34.41 0.327 25.43 
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Fig.1 XRD patterns of ZAO films at various substrate temperature 
The substrate temperature dependence of crystallinity and crystallite size for ZAO films were further revealed by 
theirs SEM micrographs. Fig 2 shows the SEM morphologies of ZAO films deposited at various substrate 
temperature. It can be seen that with increasing substrate temperature ,the crystallinity of the ZAO films was 
improved and the crystallite sizes became large. This result is consistent with X-ray diffraction. 
 
 
 
 
 
 
 
 
 
 
 
(a)                                                          (b)  
(c) 
Fig 2 SEM picture of ZAO thin films at various substrate temperature 
(a-50ćˈb-150ćˈc-250ć) 
Fig.3 shows the transmittance spectra in the visible spectrum for ZAO thin film deposited at different substrate 
temperatures. The average transmittances are above 80% in the visible rangeˈbut decreases substantially at short 
wavelengths near the ultraviolet range for all thin films. At wavelength¬=300nm, the transmittance is almost zero, 
which is attributed to the onset of fundamental absorption. Moreover, the absorption edge of the films was observed 
to shift slightly towards a shorter wavelength with increasing substrate temperature. This is due to better 
crystallization on higher substrate temperature. The result shows that the temperature has little effect on the 
transmission. 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 Transmittance of ZAO films deposited at different substrate temperatures 
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All transparent conducting ZAO thin films are n-type conductivity. The resource of carriers was mainly attributed 
to oxygen absence and Al-doped, and the carrier mobility was determined by all kinds of scattering mechanisms. 
Therefore, it was necessary to try to decrease the numbers of scattering centers to improve the carrier mobility of the 
ZAO films. 
Fig.4 gives the substrate temperature dependence of electrical properties for ZAO thin films. It can be seen that 
as substrate temperature increased, both carrier concentrations and Hall mobility increased and the resistivity 
decreased. The increase of carrier concentration is attributed the enhancement of the oxygen vacancy. High substrate 
temperature can enhance the mobility that can improve the porosity and quality of ZAO films since the crystallite 
size becomes larger and the crystallinity of the ZAO films improve with elevating the substrate temperature. But this 
change is not infinite, because the grain size is not infinitely large. At same time, some damage occurred for the 
substrate and ZAO films as temperature increased further. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 The dependence of substrate temperature on electrical properties for ZAO thin films 
4.Conclusion 
Good transparent conducting ZAO thin films were deposited by DC magnetron reactive sputtering. The 
properties of the ZAO films depend on the substrate temperature by DC magnetron reactive sputtering. The 
optimum substrate temperature in glass substrates is 200-250ć. The ZAO thin films with good quality have 
resistivity as low as 4·5×10-4ȍ·cm with around 80% transmissivity in the visible region were gained.
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